We describe the excitation spectrum of a two-component neutral Fermi gas with attractive interactions in the superfluid phase at finite temperature by deriving a suitable Random-Phase approximation in the collisionless regime with the technique of functional derivatives. The obtained spectrum for the homogeneous gas at small wavevectors contains the Bogoliubov-Anderson phonon and is essentially different from the spectrum predicted by the static Bogoliubov theory, which instead shows an unphysically large response. We adapt the results for the homogeneous system to obtain the dynamic structure factor of a harmonically confined superfluid and we identify in the spectrum a unique feature of the superfluid phase. 
Introduction
The techniques of atom trapping and cooling which have led to the realization of Bose-Einstein condensation in alkali gases are currently being employed to cool also the fermionic isotopes 40 K [1] and 6 Li [2] . Dilute gases of fermionic atoms with attractive inter-particle interactions are predicted to undergo a superfluid transition at low temperatures (T sup T F , where T F is the Fermi temperature). The simplest mechanism envisaged is a s-wave pairing [3, 4] which can be obtained, compatibly with the Pauli principle, between atoms belonging to two different internal states. The realization of a two-component Fermi gas in the superfluid state may provide a new physical system to study. Its properties are expected to be different from those of superfluid 3 He, which has a p-wave pairing and is not in the dilute regime, and from conventional charged superconductors which have an excitation spectrum dominated by the Coulomb interaction [5] and only weakly modified by the superfluid transition.
An important issue for future experiments is to identify a clear signature of the superfluid transition in an atomic Fermi gas. Contrary to the case of atomic Bose-Einstein condensates, for fermions the superfluid transition affects only slightly the density profile and the internal energy of the gas [6] . A first idea is to measure the pair distribution function of the atoms, e.g. by using a laser probe beam [7] . A second idea is to look at the dynamical properties, which are expected to be dramatically modified by a e-mail: minguzzi@sns.it the transition. Several proposals have been put forward in this direction, such as Cooper-pair breaking via a Raman transition [8] , measurement of the moment of inertia of the cloud [9] , and excitation of collective modes in a harmonic trap by modulation of the trap frequencies [10] or rotation of the axis of the trap [11] .
In this work we suggest to identify the superfluid phase through the measurement of the bulk excitations of the gas, i.e. excitations with a wavelength smaller than the spatial extension of the atomic cloud. This is complementary to the proposals in [10, 11] as it deals with high energy excitations in a quasi-homogeneous system at arbitrary temperature, and is not irrealistic from the experimental point of view, since efficient Bragg scattering techniques have already been successfully used to measure the excitation spectra of Bose condensates [12] .
We obtain the excitation spectrum of the fluid in the dilute and collisionless regime by employing the RandomPhase (or Time-Dependent Hartree-Fock-Gorkov) Approximation (RPA), which we derive explicitly for the twocomponent system of present interest by the technique of functional derivatives [13, 14] . We do not use here the usual static Bogoliubov approximation [15] for two main reasons:
(i) physically its excitation spectrum has a gap and therefore ignores the branch of phonon-like excitations (Bogoliubov-Anderson phonon, [16] [17] [18] ) expected on very general grounds to show up in homogeneous neutral superconductors with short range interactions [5] and,
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(ii) the density-density response function obtained within this approximation shows an unphysically large response at small wavevectors and fails to satisfy the f -sum rule, which is a requirement deriving from the local particle conservation law.
We find that the RPA spectrum of a homogeneous twocomponent Fermi gas in the superfluid phase possesses the continuum of particle-hole excitations and a peak corresponding to the Bogoliubov-Anderson phonon; it satisfies the f -sum rule and includes naturally the Landau damping of the phonon due to the interplay with thermal excitations. We adapt the results obtained for the homogeneous system to describe harmonically confined gases by means of a local-density approximation, which predicts a broadening of the spectrum by taking into account the inhomogeneity of the density profile. We predict that the Bogoliubov-Anderson phonon, which is the main feature of the spectrum in the superfluid phase, would remain visible even in the trapped cloud.
The structure of this paper is as follows. In Section 2 we derive the density response function of the fluid in the RPA. In Section 3 we obtain the spectrum of density fluctuations first in the homogeneous case and then for an harmonically trapped gas. Finally, Section 4 gives a summary of our results and offers some concluding remarks.
Random-phase approximation
We describe a two-component atomic Fermi gas by the following Hamiltonian:
× v αβ (r − r )ψ β (r )ψ α (r).
The fermionic field operatorsψ α (r) satisfy the usual anticommutation relations; the interactions are considered only in s-wave between fermions in different internal states and are modeled by the attractive inter-particle potential v αβ (r 1 − r 2 ) = 0 v ↑↓ (r 1 − r 2 ) v ↑↓ (r 1 − r 2 ) 0 ,
